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FOREWORD

The papers to be presented at the Eleventh Machine Records Conference

have been collected into this volume. The purpose of this volume of Pro-

ceedings is to place into the hands of those attending the Conference the

presentations of the speakers in order that exhibits and hand outs may be

readily available. In addition, a secondary purpose has been to make all

the papers available to institutions which did not have sufficient repre-

sentatives present to attend every session.

In order to place this document in your hands at the time of regis-

tration, no attempt has been made to edit the papers. This has reduced

the chance of misinterpretation on our part. The papers, as submitted by

their authors, have been photographed and multilithed.

This volume contains all papers on hand one month prior to the Con-

ference. If additional papers become available, we hope to collect and

to send them on to you as a supplement to this volume.

The Conference gratefully acknowledges and thanks the International

Business Machines Corporation for underwriting the cost of this publication.

Chairmen
ilth Machine Records Conference
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THE COMPUTER AS A MANAGEMENT TOOL -

PHYSICAL FACILITIES INVENTORIES, UTILIZATION, AND PROJECTIONS

David R. Witmer

Board of Regents
Wisconsin State Colleges

WISCONSIN STATE UNIVERSITIES CAN, AND DO: George Bernard Shaw's
dictum, "those who can, do, those who can't teach," was given
the lie last Wednesday afternoon as a "1410" in the state com-
puter center ingested a diet of data describing the program and

physical facilities at Wisconsin State University-Oshkosh. Three

hours later it spued forth the results of the most complex series

of computations ever run in the center. Comparable data for

Stout State University and the Wisconsin State Universities at
Eau Claire, La Crosse, Platteville, River Falls, Stevens Point,

Superior, and Whitewater will be processed later this month.

Colleges and universities have been teaching others how to

solve management problems on computers for some time. With a
few notable exceptions, however, they have made little use
of computers in solving administrative problems of their own.

"We may be the one additional exception that proves the rule,"

said Eugene R. McPhee, director of Wisconsin State Universities,

"but we feel we have turned a significant corner in the administra-

tion of higher education."

The original goal of this project was to program the computer to

do)what was formerly done by hand. However, as work progressed,

refinements and sophisticated projections were incorporated until

project grew far beyond what anyone would try to do without

'the computer's help.

This project takes the mystery and politics out of the projection

of space requirements. By using factors acceptable to the State

Building Commission, the Board of Regents, and others, and by

drawing utilization data directly from the class master schedule

cards actually used at the Wisconsin State Universities, the com-

puter turns out reports and projections that form the basis of

decisions which shape the future of the college campuses of the

state.
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Human effort is not obsoleted by this program. But it is con-

dentrated on making judgments, the direct consequences of which

can be foretold. "We now have a better understanding of what

needs to be done and what effects our decisions will have,"

reported McPhee.

Among other things, the computer projects the growth of in4

dividual disciplines and departments, then computes space needs

based on those protections and the recorded experience in each

discipline, to date. Under special circumstances, the computer

reveals the consequences of "adjustments" in space factors

caused by lags in the building program.

"Because we're an educational institution," McPhee concluded,

"we'd be happy to share our experiences with others." Wisconsin

State Universities can, do, and teach!

This statement reflects some of the excitement attending our use of

the computer in support of our physical facilities program. But it overstates

the case. The shift from political "horse trading," "back scratching," and

"log rolling" to computer-assisted decision-making does not take place over-

night. The basic formulas have been hammered out over a long period of time

through the inter-action of the Universities, the Board of Regents, the State

Building Commission, and others. Actually, we aren't doing anything with the

computer that we couldn't do before with a number two pencil, a big pile of

paper, and a lot of time. Fred E. Schwehr, our physical facilities specialist,

who was instrumental in building the system of formulas which the computer

applies, has a wife who has first hand understanding of a current social pro-

blem: She's technologically unemployed! The basement of her house now holds

a workshop, family room, etc. the calculator and mountains of data-

loaded paper have moved on to a new world.
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We have a special problem in resource allocation: "Row can limited

funds for physical facilities best be allocated and used to meet the program

requirnents of the nine universities in the system?" In answering this

question we, of course, go considerably beyond dividing the pie on the mere

basis of "head count," and we stop considerably short of dictating pedagogical

philosophy, methods, and techniques.

One further word before we look at the computerized project: This

physical facilities allocation system was rationally conceived, organized,

and operated before we happened on the scene. Although this is what every

systems analyst insists on, experience seldom provides such a happy point of

commencement. The big question: "How much does each university, with its

schools and departments, need?" has been broken into smaller ones: "What

facilities does each program require?" "How much will these specific

facilities probably cost?" "Where are the need greatest?" and so forth.

The key to resolving questions like these seems to lie in the

process of abstracting them from current, individual interests. Instead of

asking "Row much money is needed to build a new technology building for

Stout?" ask "What facilities does an industrial technology program require?

What kinds of laboratories? How many students should each kind of tech lab

support? What equipment? Row many stations should each kind of lab have?

How many square feet will this require?" Only after educators, administrators,
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and legislators agree on answers to these small, abstract, and theoretical

questions should institutional names, places, and dates be mentioned. After

all, it's pretty difficult for a university president to insist on twenty

square feet per student station for a forty station general classroom at

his institution after agreeing that fourteen is adequate for others.

The people connected with this project are widely known as "dream

smashers," and perhaps rightly so! We insist on facts and figures where other

men see visions. Consider the typical middle-aged educator with his dreams

of an academic edifice. Not only does he see ivy-covered brick among the

elms, but he sees entrys, corridors, rooms, ... . individual stations in

the science labs, students peering through microscopes, light green walls,

fixtures and appointments like those at Stevens . . . When we break in

on this dream world with all of our measurements and other mattemof-fact,

the results are often disillusioning and sometimes traumatic. It's necessary

for hard headed people to realize what effects they have; and equally important

to recognize that computers, and the "nay-sayers" who run them, seldom build

anything. Colleges are founded, and buildings are built, because of the

pressures generated by pride, dreams, visions, and the leaders who have them!

We dare not forget that.

But you didn't come here to listen to me wax philosophical

Let's quickly run through this forest of computer, and computer-related,

operations to salvage what we can of the hour, and to stimulate some thoughtful

questions, if that be possible.

In the first phase of this project we collect, record, analyze,

manipulate, and print out data concerning the physical facilities we already

have. Buildings are numbered, as are rooms and other areas. Each room is

measured and classified as to function. See Exhibit 1. Note that room data

is punched into 402 and 403 cards. Area is recorded in field 30-34 and in one

or more (in the case of proration due to multiple use), of the fields indicating
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function: classroom, office, physical plant, etc. When field size is inadequate,

9's are punched on one card and the balance punched on a second card of the

same type. The number of student stations is punched in field 35-38. Teaching

lab and other instructional space is described in field 8-21, in accordance

with the codes at the bottom of Exhibit 1. Department numbers are punched

for office, lab, and other instructional space; other areas are not assigned

to specific disciplines or activities. Year, field 26-27, is the year in

which the card is prepared. Type change, field 28-29, is 1 for Remodeling,

2 for Razed or Sold, 3 for Built or Bought.

These cards, 400, 401, 402, and 403 are sorted and fed into the

computer which prints out the Physical Facilities Inventory. See Exhibit 2.

Note that this is the first page of inventory for the Wisconsin State University

at Eau Claire. This inventory was run in January, 1966. Building Number 1 is

Schofield Hall. Room 1 is the Registrar's office. Room 2 is a women's rest

room with some custodial space in it. Room 4 is devoted to research and 9 to

physical plant. Room 16 is a business lab of 966 square feet with 30 student

stations, which the computer tells us allows 32 square feet per station. Room 19

is a general classroom, 34 is other instructional space which supports the

audio-visual lab, and 37 is used by an auxiliary enterprize: the textbook

library. Room 72 is a stairwell and so is 77, but 77 is being remodeled at

this time. If there had been keypunching errors so that the square feet of

floor space had not equaled that reported on the right side of the page, an

asterisk would have been printed in that line between the position for depart-

ment number and square feet of floor space.

Now look at Exhibit 3. Note that there is a summary at the bottom

of this page that tells us that Building 9, Science Hall, at WSU-La Crosse,

has 218 rooms, including 14 classrooms, 25 labs, 2 phy. ed. areas, 3 roams

devoted to research, and 18 restrooms. The classrooms contain 977 stations

with an average of 12 square feet per station. The labs total 486 stations
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at an average of 42 square feet per station. Classroom, lab, office, library,

auditoria, and ether instructional areas were added to total 45,167 square

feet of active instructional space. Active non-instructional space totaled

16,230; inactive 18,327; and non-assignable 24,748. The total (net) square

feet of floor space is 104,472. A similar summary is produced for every

other building and fJr each university campus as a whole.

The second phase of this project analyzes the utilization of

classrooms, labs, and physical education areas. The input is based on class

master cards used in registrars' scheduling operations. See form 405, Exhibit 4.

As you might guess, the registrars' systems were neither identical nor compatable

and it was necessary, therefore, to write conversion programs to get the 405

cards. We even designed a (1230) scanner form which we used to originate

this file of data in one case. The basic period here is one week. Days of

the week on which the class meets are punched 1.(field 63-68). Length of

period is reported in hours (column 69) and tenths of hours (column 70). Hours

of the day (field 71-72) are those based on the 24 hour clock, i.e., 1 P.M. = 13.

An example of a Utilization Report is included as Exhibit 5. This

report tells us that Room 108 in Barstow Hall (Building 2), at WSU-Superior,

is a classroom with 1204 square feet and 77 student stations at 16 square feet

each. Fifty-two students enrolled in Biology course number 6 meet in this

room at 9:00 every Monday, Wednesday, and Friday for 1 hour. Twenty-four

hundred and thirty-six student contact hours are generated in this room each

week during a total of 39 periods through the normal day. If all seats had

been filled during each period in which classes were held, 3003 contact hours

would have been generated. Find 3003 on the right side of the page, labeled

"Potential Station Occupancyf." Use of this room at the level of agreed upon

standards (30 hours per week X .67 X 7) stations) would have generated 1540

student contact hours. The actual utilization (2436) equaled 158% of standard

utilization and 81% of the potential station occupancy.
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A report of tilts type is printed for each classroom, lab, and physical

education area. Poor scheduling and inadequate use jumps right off the page

for those who have learned to understand and use these statistics. Not all

classrooms at Superior are this well utilized, but some are used at even

higher levels. The standards for phy. ed. areas and laboratories are not

the same as those for general classrooms. And lest anyone not conversent

with the relationships between quality, scheduling, and space wonder why

the standard is not 44 hours a week at 100% of station use, let me say that

these standards have been worked out through great effort over the years and

will not be lightly laid aside. Check the standards at your institution before

you throw stones.

For each building and for each campus the computer produces a

summary report of utilization, part of which is shnwn in Exhibit 6. We see

here that, among other things, Buildir. Ni , 5, Hartiagion Hall at WSU-Oshkosh,

has 186 student stations, in 7 laboratories, 8'7, of which are occupied, on

the average, whenever the labs are used. Labs are used an average of 32.9

hours per week and generate 5633 student contact hours which happens to be

158% of standard utilization. Similar reports are printed for classrooms,

phy, ed.areas, and all class areas combined.

In the third phase of this project the computer reads the current

inventories, utilization data, utilization data from previous years, personnel

data, data on planned building and remodeling, enrollment reports, etc.;

projects future needs; measures those needs against facilities available or

to be available, and predicts shortages and surpluses. For additional input,

see Exhibit 4. Card 408 carries data about each university department and

activity from the personnel file. Cards 411 and 421 report changes in

buildings due to construction, purchase, sale, and razing. Changes in

individual rooms are reported on 406 cards. In field 26, classification or

type, 1 means classroom, 2 means lab, and 3 means office. Cards 4101 and

102 bring in enrollment reports and piglections.



For contact hour projections see Exhibit 7. This table was made

during a test run and is generally illustrative of what the computer can do,

even though the input was not strictly accurate. Garbage in, garbage out, as

you know! In this illustration, scheduled class hours (faculty contact hours)

in mathematics total 296 and generate 8365 student contact hours. One of

these math classes, with 26 students, is scheduled in a lab. The average

number of students per class is 28.

The woods is full of projection formulas. As any good statistician

will insist, we must choose the formula which most accurately predicts. For

the time being, we use /(11-1*C) (A-D)/ ..t 2 = E in which A equals the number

of student contact hours in the latest year, B equals the student contact hours

in the earliest year, C equals the number of years intervening, D equals the

contact hours generated in the year preceding the latest, and E equals the

projected annual increment of increase or decline. After projecting the

annual increment for math, the other disciplines, and the total for all disci-

plines, the computer projects the total student contact hours by relating

future student contact hours to future enrollments in the same way that current

contact hours are related to current enrollments. (This ratio, 1:21 in the

illustration, 1:16 actually, is fairly constant.) The computer reconciles the

two totals by adjusting the former to the latter and then re-projects the

student contact hours for each discipline using the ratios developed previously.

Note that in this illustration, total faculty contact hours (or class

hours) were projected, but not distributed among the disciplines, Most of

the decisions which result in student contact hours are made by members of a

relatively large population: students. Most of the decisions which result in

hhanges in faculty contact hours (or class hours) are made very deliberately

by a small group of deans, chairmen, and teaching faculty. While it is not

difficult to predict what a mass of students will do, it would be presumptuous

folly to even try to anticipate developments in pedagogical policy.
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Although projected changes in physical facilities are reported on

406, 411, and 421 cards, many decision makers need reports of the type shown

in Exhibit 8 to keep the inf(rmation at their fingertips. This exhibit tells

us, among other things, that 8698 square feet of space in the Halsey Science

Center, formerly allocated to physical plant is going to be converted to

classrooms, offices, a small research lab, and other instructional space by

the year 1967. It further reveals that-a fine arts building with 169,000 square

feet of active instructional space should be available in the same year. The

computer prints out a separalee report like this for each year for which plans

are firm; usually not more than three years -- the span from decision day to

occupancy day.

The faculty/administration committees that write detailed program

statements describing what an academic building must do and how its space must

be organized, frequently disagree internally on how many and what size class-

rooms should be included. For their consideration, the computer projects

needs based on the current classroom utilization, organization, and policy.

A separate report, parts of two of which are shown in Exhibit 9, is printed

for general classrooms and for each of twenty-three kinds of teaching labora-

tories. Exhibit 9 tells us that classes with more than ten students, but less

than 16, which could have fit into general classrooms with 15 stations, met

for 108 hours per week in the fall of 1965, and that, if the same proportion

of all classes is that size in 1970, 2478 square feet and 8 classrooms will

be required. Further it says, based on current plans, that only one classroom

with 15 stations (and 271 square feet) will be available in 1970 and that this

will be 2207 square feet or 7 classrooms short of what contemporary standards

indicate as desirable. Note that the number of classrooms short or over is

determined by dividing the number of square feet short or over by the standard

(300 = 15 student stations X 20 square feet per station, in this case), rather

than by merely subtracting rooms available from rooms requested. I might also
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reveal, at the risk of providing more detail than you're willing to absorb at

this time, that the square footage not provided for in building whole rooms

rather than fractions of a room, (107 in this case), is carried up as required

square footage to the next size classroom. This latter is in recognition of

the fact that it is impossible to have a classroom, with 15 student stations,

that will be in existance one-third (107(300) of the time, but it is possible

to occasionally schedule a class of 15 in a room with 20 student stations.

Those of you who are interested in the formulas that apply can stop by at the

end of the hour.

Turning to the second line from the bottom of Exhibit 9, note that

the totals include quantities not shown on this page. Physical education

space requirements are calculated by multiplying the projected enrollment by

9.5 square feet.

Laboratories must have support space for storage of supplies, prepara-

tion of demonstrations, showing of exhibits, and so forth. We call this "other

instructional space," and provide it at the rate of 40% of laboratory space.

The computer prints out a summary which indicates surpluses and shortages of

such support space by discipline. See Exhibit 10.

Formulas for planning libraries are in a state of flux. At this time

the computer applies the following: (See Exhibit 11) Space for reading rooms

equals enrollment X 20% X 25 square feet. Stack space equals enrollment X 3 square

feet. Office and auxiliary space equals 25% of reading room space. Carrels equal

12k7 of graduate enrollment X 20 square feet. The total required is the sum of

the preceding. Projections of available space are based on current inventory

plus or minus planned changes.

We turn now to the very important matter of providing office space.

The market for college faculty is a sellers market today, and will remain so

for the foreseeable future. The availability of good offices sometimes marks

the difference between success and failure in hiring faculty. See Exhibit 12.
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By adding one teaching faculty member for every 18.2 students and by assigning

these new faculty in accordance with the projected distribution of student

contact hours among the various disciplines, the computer predicts that there

will be 44 faculty members in art by 1970 and that they will be supported by

four full time staff assistants. This will require 6480 square feet of office

space; 135 each. Unless more space is acquired, only 1092 square feet will be

available, which is 5388 short of requirements. The 135 provides individual

offices of 105-115 square feet each with the excess available for reception

areas, conference rooms, etc. Other formulas are used in predicting the

growth and needs of the library and the administration.

Toassist management in making decisions about how to group departments,

and how large to make buildings devoted to particular groups, the computer

summarizes space needs by discipline. See Exhibit 13. Note that this time

in the case of physics, general classroom and other instructional space is

adequate, but lab and office space is so short of needs that a net requirement

of 2497 square feet will exist in 1970, 3300 in 1971, 4249 in 1972, etc.

Finally, all space requirements are rolled into a grand summary

according to function. Exhibit 14 illustrates this summary for one university

in 1967 and 1968. Functions and formulas not previously discussed include that

for auditoria: Enrollment X 133 X 17, and that for research labs: /(TF X 3) +

15 (RF + )/ 40 -- TF = Teaching Faculty, RF = Research Faculty, and G = Graduate

students. Functions for which no projections have been programmed include ex-

tension, public service, laboratory schools, physical plant operations, cir-

culatory, rest rooms, and custodial service.

We are using the computer as a management tool - not to make original

decisions, but to assist human decision makers. It does so primarily by applying

and projecting effects of policy previously determined. The computer's printed

reports make up only part of what is considered in planning for physical plant.
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Decisions concerning new programs; class sizes and characteristics; economical

units for design, bidding, and building; and the organization of disciplines

are all beyond the purview of the computer as we use it, though we believe

this will not always be true.

These are great and golden days for higher education and they happen

to coincide with the development of the computer as a management tool. We're

using this tool to study physical facilities, costs of instruction, cleaning

and housekeeping operations, faculty time utilization, and other matters of

interest and concern to management. We invite you to do the same.
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